In this study, we examined the effect of dietary supplementation with grape seed (GS) on the performance, carcass traits, plasma biochemistry, antioxidant status and ileal microflora in broilers. Experiment diets included a control diet (without additive) and three levels of GS powder (10, 20 and 40 g/kg of diet). Each diet was fed to a total of 300 one-day-old Cobb-500 chicks for 42 days. The addition of 20 g/kg of GS to the basal diet increased final body weight and body weight gain, improved the feed conversion ratio and did not affect feed intake. Dietary 20 g GS significantly increased (p < .05) the percentage of carcass yield %, dressing % and gizzard. However, the addition of 40 g/kg of GS significantly reduced the percentage of abdominal fat in the birds. Diets supplemented with GS showed the lowest content of ether extract compared with the control group (p < .05). The physical characteristics of meat and the chemical composition of DM, CP and ash were not significantly influenced by treatments. In the GS groups, plasma protein, albumin, globulin, aspartate aminotransferase and alanine aminotransferase concentrations showed no significant change compared with the control group. Broilers fed a diet supplemented with GS had lower levels of plasma glucose, total lipids, triglycerides and cholesterol compared with the control birds (p < .05). The addition of 40 g of GS significantly (p < .05) enhanced the activity of reduced glutathione, catalase, superoxide dismutase, glutathione peroxidase and GST, and correlated with significantly decreased thiobarbituric acid-reactive substances levels compared with the control group. The value of ileal pH was not significantly affected by the GS levels. Broilers fed diets supplemented with GS had lower ileal Streptococcus spp. and Escherichia coli populations but higher Lactobacillus spp. populations (p < .05). No adverse effects on birds' health were detected due to the use of GS. Thus, GS could be recommended as an herbal supplement in the diet of broiler chickens to improve performance, reduce blood lipids, enhance antioxidant capacity and decrease detrimental bacteria in the ileum. that broilers fed diets supplemented with polyphenol-rich grape pomace extract improved in gain:feed ratio and digestibility of nutrients due to an increased absorptive surface of the intestine. Fawzia, Khalid, and Basyony (2014) concluded that dietary supplementation of GS powder at 0.5%, 1% and 1.5% levels improved growth performance and increased the resistance of rabbits to oxidative stress during hot weather.
| INTRODUCTION
Grapes are a ubiquitous fruit crop in Egypt and are considered to be the second most important fruit crop after citrus. Grapes are grown from Aswan in the south to Alexandria in the north of Egypt. The majority of grapes in Egypt originate from the species (Vitis vinifera L.; Bayer Crop Science Egypt, 2012). Currently, there are 66.262 Ha planted with grapes in Egypt that produce 137,815 t annually (FAOSTAT, 2012) .
Grape seed (GS) powder is a natural agricultural by-product of grapes and has a high concentration of vitamin E, flavonoids, linoleic acid and oligomeric proanthocyanidins. As a result, GS powder is considered to be a better source of antioxidative constituents than grape juice byproducts (Hassan, Edrees, El-Gamel, & El-sayed, 2014) . The antioxidant potential of GS polyphenols is 20 times higher than that of vitamin E and 50 times higher than that of vitamin C (Carpenter, O'Grady, O'Callaghan, O'Brien, & Kerry, 2007) . Viveros et al. (2011) observed that broilers fed diets supplemented with polyphenol-rich grape pomace extract improved in gain:feed ratio and digestibility of nutrients due to an increased absorptive surface of the intestine. Fawzia, Khalid, and Basyony (2014) concluded that dietary supplementation of GS powder at 0.5%, 1% and 1.5% levels improved growth performance and increased the resistance of rabbits to oxidative stress during hot weather.
Polyphenols might act as potent inhibitors of glucose absorption.
Grape pomace has an abundance of antioxidant substances that lower cholesterol levels (Kwon et al., 2007) and has been shown to increase HDL cholesterol and decrease LDL cholesterol (Goñi et al., 2007) .
Antioxidants, including vitamins, carotenoids and tannins, provide protection against oxidative damage, and are gaining increasing attention as a potential chemopreventive agents. Grape seeds are rich in antioxidant compounds, including phenolic compounds (predominantly tannins), and these compounds have been shown to reduce the risk of oxidative stress against free radical-mediated damage (Gorinstein T A B L E 1 Feed ingredient and chemical composition of basal experimental diets and grape seed (g/kg as DM) , 1994) . Plant-derived antioxidants can also greatly reduce damage due to oxidants by neutralizing free radicals before they can attack the cells and thereby prevent damage to lipids, proteins, enzymes, carbohydrates and DNA (Satyam, Bairy, Pirasanthan, & Vaihnav, 2013) .
Research into new bio-efficient antioxidants has particularly focused on natural antioxidants in response to consumer concerns over safety and toxicity.
In addition to its radical scavenging capacity, other valuable healthpromoting activities associated with polyphenol in grape by-products have been described. Grape seeds are considered to be rich sources of polyphenolic compounds that exhibit antioxidant or antimicrobial effects (Furiga, Lonvaud-Funel, & Badet, 2008) . In addition, phenolic compounds in grapes have shown inhibitory effects against bacteria (Perumalla & Hettiarachchy, 2011) . To date, adequate evidence exists to support the efficacy of the antimicrobial activity of polyphenols.
However, research on the possible stimulatory role of phenolic compounds on intestinal microbiota is limited, and, to our knowledge, no studies related to the effects of GS polyphenols in chickens have been published (Viveros et al., 2011) .
Grape seed extract of V. vinifera exhibits stronger antibacterial activity against Gram-positive bacteria compared with the response from Gram-negative bacteria (Jayaprakasha, Selvi, & Sakariah, 2003) .
In addition to observed antimicrobial properties, grape flavonoids may play an important role in the modulation of human gut microflora. Flavonoids present in grape by-products have the capacity to inhibit the growth of certain organisms, such as Staphylococcus aureus, Escherichia coli, Candida albicans and Campylobacter (Silván et al., 2013) . Dietary polyphenol-rich grape products were also effective in increasing the growth of specific beneficial intestinal bacteria while competitively excluding certain pathogenic bacteria (Brenes, Viveros, Chamorroa, & Arija, 2016) . Increased efforts are now being directed towards a broader revaluation of polyphenolrich plants for obtaining high-value GS by-products. Therefore, the objective of this study was to examine changes in the performance, carcass traits, various blood parameters and antioxidant capacity and ileal microflora in response to the addition of GSs as a dietary supplement in chicken diets. 
| MATERIALS AND METHODS

| Grape seed collection
| Animals, diets and management
The experiment was carried out using a total of 300 one-dayold mixed sex Cobb-500 broiler chicks. Chicks (initial weight 44.14 ± 0.23 g) were obtained from a local hatchery and randomly assigned to one of four treatments which were the control (basal diet without additives food intake/weight gain) were calculated, and mortality rates were recorded. At the end of the experiment, blood samples from six sacrificed birds were placed into heparinized tubes, immediately centrifuged at 1,800 g for 15 min to obtain plasma and then stored at −20°C for further analysis.
| Chemical analysis
The dried samples of GS were ground into a crude powder. Next, 200 mg of the powder was placed in a beaker and 10 ml aqueous acetone 70% was added. The samples were then exposed to ultrasonic treatment by suspending the beaker in an ultrasonic water bath for 20 min at room temperature. After that, the samples were transferred into a centrifuge tube and centrifuged for 10 min at 1,800 g and 4°C after which supernatant was collected and kept on ice. The supernatant was considered as a tannin-containing extract (Makkar, 2003) . The total phenolic content was determined by the modified Folin-Ciocalteu method. An aliquot (100 μl) of extracts was mixed with 5 ml Folin-Ciocalteu reagent (previously diluted with water 1:10 v/v) and 4 ml (75 g/L) of sodium carbonate.
Tubes were vortexed for 15 s and allowed to stand for 30 min at 40°C for colour development. Absorbance was recorded against a reagent blank at 765 nm using a Shimadzu UV-vis spectrophotometer. Samples of extracts were evaluated at a final concentration of 0.1 mg/ml.
Gallic acid was used as a standard and total phenolics were expressed as mg/g GAE (gallic acid equivalent). The aluminium chloride method was used for flavonoid determination (Olajire & Azeez, 2011) .
With this method, quercetin was used as a standard, and flavonoid contents were measured in quercetin equivalents. Measurement of total tannin compound was taken using the Folin-Ciocalteu method of Makkar (2003) .
Plasma biochemical parameters were determined: total protein, albumin and globulin were calculated as (total protein − albumin), glucose, total lipids, cholesterol, triglycerides and activities of the plasma aspartate aminotransferase (AST) and alanine aminotransferase (ALT).
Blood biochemicals were analysed colorimetrically using the standard 
| Slaughter trail
At 42 days of age, six birds per treatment were randomly chosen and euthanized by cervical dislocation to determine carcass traits.
The dressing, edible carcass (liver, empty gizzard, heart and spleen) and abdominal fat were weighed and expressed as percentages of LBW.
Subsequently, sample meat pH was determined via a penetration pH electrode, and the measurement was carried out in triplicate with a pH meter. Sample colour was determined according to the CIE system (L* a* b*), where L* = lightness, a* = redness and b* = yellowness.
Water-holding capacity was estimated by determining expressible juice using a modification of the filter paper press method described by Wierbicki and Deatherage (1958) . The primary meat parts (breast and thigh) were individually packed, weighed and frozen at −20°C until further analysis.
| Ileal microflora
The ilea were excised and digesta content were collected at 42 days of age. Ileal pH content was measured using a portable pH meter.
One gram of ileal digesta was collected and homogenized with a 10-ml phosphate buffer solution (pH 7). The ileal digesta specimens were then packed in ice and then analysed to determine total bacteria, Lactobacilli spp., Streptococcus spp. and E. coli. Bacteria were counted on tryptic glucose yeast agar (PCA), and Lactobacillus was enumerated on de Man-Rogosa-Sharpe agar after incubation at 37°C for 48 hr.
Escherichia coli was counted on CHROMagar ECC (EF322-Paris France) after incubation at 37°C for 48 hr, and Streptococcus was enumerated on trypticase soya agar enriched with 5% sheep's blood. Bacterial colonies were counted on plates using an optical colony counter (Gallenkamp, UK), and the total population was expressed as cfu/g.
| Statistical analysis
Data were analysed using a statistical analysis system (SAS, 2003) with the following model:
where Y ij , value of observation of traits; μ, overall mean of traits; T i , effect of treatments, control (T1), (T2), (T3) and (T4); e ij , random error assumed to be mean equal to zero and variance is F 2e (N ~ 0, F 2e ).
Treatment means were tested using Duncan's multiple range test with statistical differences declared at p < .05.
| RESULTS
| Chemical composition of GS
The chemical and phytochemical composition (total polyphenols, total flavonoids and total tannin) of GS are shown in Table 1 . Grape seed contained a high content of CP (103.2 g/kg DM) and contained 55.7, 19.5 and 9.4 g/ kg DM of total phenols, total flavonoids and total tannin respectively.
| Growth performance
The addition of GS to the chicken diets resulted in an effect on growth performance (Table 2 ). Both FBW and BWG significantly increased (p < .05) for birds fed the 20 g GS/kg diet, but decreased for birds in the other GS groups and the control group. There was no significant difference in FI between the GS birds and the control birds. Broilers fed the 20 g GS/kg diet exhibited the best FCR compared with the control and other GS groups. Different levels of GS in broilers diets also decreased the mortality rate compared with the control group. The mortality in the control group was 10.67%. In groups of GS 10 g/kg, GS 20 g/kg and GS 40 g/kg treatments, the mortality rates were 4%, 4%
and 6.67% respectively.
| Carcass traits and chemical composition of meat
Data for relative weight of carcass traits are presented in Table 3 .
Carcass yield %, dressing % and gizzard % increased significantly (p < .05) when 20 g GS was added to the diet. However, the relative weight of the heart, liver and spleen was not significantly affected. 
Inclusion of GS in the diet
| Blood plasma biochemical and enzymatic antioxidant activity
Grape seed supplementation had no influence on total protein, albumin, globulin, AST and ALT (Table 4) . The values of glucose, total lipids, triglyceride and cholesterol (p < .05) moved down constantly (p < .05) with increasing dietary levels of GS (10, 20 and 40 g/kg diet)
respectively. The increase in the inclusion rate of GS significantly (p < .05) enhanced the activities of SOD, CAT, GPx, GST and GSH and correlated with a significantly decreased TBARS level.
| Ileal microflora
Ileal pH content did not differ among the experimental groups (Table 5) .
Birds fed diets supplemented with GS had higher ileal Lactobacillus populations compared with the control group (p < .05). Different levels of GS significantly decreased ileal E. coli and Streptococcus populations. powder. In addition, Gladine, Morand, Rock, Bauchart, and Durand (2007) found that the polyphenol content of GS was 651 mg/g DM.
| DISCUSSION
These differences may be due to harvest methods and grape varieties.
Based on the results of the present study, broiler diets containing 20 g/kg of GS were effective in enhancing growth performance.
This result was consistent with the results observed by Fawzia et al. (2014) who indicated that rabbits receiving 1.0% of GSP had a heavier final body weight and average daily weight gain than the other groups;
however, the level of 1.5% GSP had less FI and showed the best value of feed conversion as compared to the other groups. This improvement in BWG was due to the improvement in FCR and possibly the biological function of phenolic compounds in GSs as well that show antioxidant activity. One possible reason is that natural antioxidants can protect the intestinal mucosa against oxidative damage and pathogens and limit peristaltic activity in digestive disorders, thereby preventing diarrhoea (Kermauner & Laurenčič, 2008 (Table 2 ). The findings of Ozcan et al. (2009) similarly revealed that GS oil supplementation in laying hen rations had no significant effect on feed consumption. Chamorro et al. (2013) reported that the incorporation of GSE up to 2.5 g/kg in chicken diets had no adverse effect on growth performance and showed an increase in FCR; however, the addition of 5 g GSE/kg retarded growth rate for chickens. Nardoia (2016) found that the inclusion of GS in chicken diets did not change growth performance. However, Hughes, Brooker, and Smyl (2005) found a growth depression with the use of GSE containing 90.2% of total phenolics, expressed as gallic acid, and incorporated in the diet at 30 g/kg.
The present study revealed that the addition of GS resulted in significant effects on the carcass traits. This was in partial disagreement with the results of Hajati et al. (2015) who found that dietary supplementation of GSE did not affect the percentage of edible carcass, liver, empty gizzard and abdominal fat of birds. Similarly, Fawzia et al.
(2014) indicated that GSP supplementation in the diet did not significantly affect all of carcass traits studied, except for pre-slaughter and carcass weight percentages, which were significantly higher in rabbits receiving 1.0% GSP.
Grape seed supplementation in the diet did not significantly affect all of the physical characteristics of broiler meat studied. The pH of meat was one of the factors that affected the growth of bacteria. The pH ranged from 5.48 to 5.53 and was dependent on the balance of muscle energy. These pH values also played a key role in the maintenance of meat quality during storage.
Regarding blood glucose, total lipids, triglycerides and total cholesterol, a significant reduction was observed in birds fed GS diets. The present results on blood parameters were found to be within normal T A B L E 4 Blood plasma constituents and antioxidant capacity of broiler chicks fed different levels of grape seed ranges in healthy chicks. Our results are in agreement with those obtained by Fawzia et al.(2014) who reported that plasma glucose and total lipid levels of rabbits fed a GSP (0.5%, 1.0% and 1.5%) diet were lower than those of the control diet. Akbari and Torki (2014) suggested that the high concentration of antioxidants might decrease the serum concentration of triglycerides. However, Ozcan et al. (2009) proposed that the dietary inclusion of 2% GS oil significantly increased plasma glucose while decreasing plasma cholesterol concentrations in mice. Adisakwattana et al. (2010) reported that oral administration of GSE significantly decreased serum triglycerides and cholesterol in rats fed high-fat emulsion via inhibition of lipid digestion and absorption. In contrast, Chamorro et al. (2013) found that plasma cholesterol and triglyceride concentrations were not affected by dietary GS extract.
Grape seed supplementation in the diet did not significantly affect blood plasma AST and ALT levels of broilers. However, Fawzia et al. (2014) found that the blood plasma GOT level of growing rabbits fed the control diet was significantly (p < .05) higher relative to that of rabbits fed GSP 0.5%, 1.0% and 1.5% diets respectively. The present results also confirmed that polyphenols present in GS were absorbed at sufficient levels to contribute to, and modulate, the antioxidant activity in broilers. This result was similar to that reported for chickens (Brenes et al., 2008; Goñi et al., 2007) . The antioxidant power of polyphenols (i.e., proanthocyanidins, catechins, epicatechin and procyanidin) found in GS has been reported to be 20 times greater than that of vitamin E and 50 times greater than that of vitamin C (Shi, Yu, Pohorly, & Kakuda, 2003) . The level of TBARS was significantly reduced when the inclusion rate of GS was increased. The reduced levels of lipid peroxides following supplementation with GSs may have been associated with increased antioxidant enzyme activity and glutathione content.
Grape seeds were found to be rich in flavonoids, which have antioxidant properties. This means that the GS could reduce reactive free radicals and thereby reduce oxidative damage to tissues. Fawzia et al. (2014) found that the blood plasma glutathione peroxidase level of rabbits fed GSP 1.5% diet was significantly (p < .01) higher relative to those fed GSP at 0.5% and 1.0% levels and control diets respectively.
The glutathione peroxidase level was observed to move up constantly with increasing dietary levels of GSP. Similarly, Alía, Horcajo, Bravo, and Goya (2003) reported that glutathione peroxidase activity of rats increased following consumption of GSs and grape skins. These results indicated that grape polyphenols and flavonoids fraction are active compounds that act as effective antioxidants and increase the resistance of plasma against oxidative stress through the activation of the antioxidant enzyme system.
In the current study, GS caused significant growth-promoting effects, reduced the populations of E. coli and Streptococcus in the ileum and increased the ileal populations of beneficial bacteria such as Lactobacilli (p < .05). Hajati et al. (2015) reported that dietary supplementation of GSE at 300 and 450 mg/kg decreased the ileal population of E. coli. However, there were no significant differences between populations of lactobacillus. Polyphenols could have bacteriostatic or bactericidal action or could act to inhibit the adhesion of infection-causing bacteria within cells of the intestinal tract (Viveros et al., 2011) as the pH in the gastrointestinal tract may have been lowered due to the active components of herbal derivatives. Thus, the active components of herbal derivatives could help to prevent the growth of pathogenic bacteria and promote the population of nonpathogenic ones such as Lactobacillus spp. and Bifidobacterium spp. (Khaksar, Golian, & Kermanshahi, 2012 ). In the current study, results
showed that there was a significant increase in the populations of Lactobacillus spp. in broilers. This finding was in agreement with those of Viveros et al. (2011) , who reported that birds fed GSE and control diets had the highest ileal populations of Lactobacillus spp. The authors also stated that animals that were fed grape pomace and GSE diets showed a higher degree of biodiversity than those fed control diets, and the frequency of detection of several potential phenoldegrading bacteria as well as unidentified and uncultured organisms increased in animals fed grape pomace and GSE diets. Viveros et al. (2011) reported that some micro-organisms were able to use these compounds as nutritional substrates. In the particular case of lactobacilli, these bacteria had the ability to metabolize phenolic compounds supplying energy to cells and positively affect bacterial metabolism (García-Ruíz et al., 2008) .
| CONCLUSION
The use of GS by-product in broiler diets improves gut microflora and growth performance. The improvement of gut microflora was probably due to the active components of GS could help to prevent the growth of pathogenic bacteria and promote the population of nonpathogenic ones. In addition, the polyphenolic content of GS had antioxidant activity that conferred positive health benefits on birds. Thus, GSs could be used as an important new herbal additive in the poultry production industry.
